Background: The association between mesotheliomas and ectopic ACTH secretion has been rarely reported; we present the first case of ectopic ACTH secretion (EAS) associated with a well-differentiated peritoneal mesothelioma in whom the high dose dexamethasone suppression test (HDDST) results and plasmatic ACTH levels were similar to those found in Cushing's disease (CD). Case presentation: A 43-year-old hispanic woman with a 20 year history of treatment resistant diabetes mellitus and arterial hypertension. She had a full moon face, a buffalo hump, increased volume in both supraclavicular regions, purple striae in her arms and abdomen, truncal obesity, polymenorrhea and umbilical hernia. A cortisol supression test with low dose dexamethasone (LDDST) with a result of 16.6 μg/dL and ACTH plasma levels were measured at 32.6 pg/mL. The high dose dexamethasone test suppression percentage was 84.8 % and magnetic resonance imaging (MRI) showed no evidence of pituitary alterations, computed tomography (CT) showed images suggestive of uterine fibroid and an intra-abdominal tumor that correlated with an umbilical hernia, which reinforcement after contrast. Surgery was performed, finding uterine fibroids and paracolic tumor implants as well as on the omentum, bladder, bowel, ovaries and appendix. Pathology reported a well-differentiated peritoneal mesothelioma with positive immunohistochemistry for ACTH. Conclusions: Although most cases of ectopic secretion of ACTH derive from rapidly-developing lung tumors, with very high plasma ACTH levels and cortisol suppression percentages with high doses of dexamethasone under 60 %, there is a small percentage of slow-developing, chronic tumors that are biochemically undistinguishable from Cushing's disease. Following the expert recommendations regarding imaging techniques it is possible to identify the associated tumor in most cases.
Background
Cushing's syndrome is caused mainly by the use of glucocorticoids in supra-physiological doses. Endogenous Cushing's syndrome is caused by an overproduction of cortisol by the adrenal glands, being of two types, ACTH dependent or independent; endogenous ACTHdependent hypercortisolism is the most common (80-90 %) and it is caused, in about 90 % of cases, by a ACTH-producing pituitary adenoma [1, 2] . ACTH production by non-pituitary tumors represents approximately 10-15 % of ACTH-dependent Cushing's syndrome. Reports concur that the tumors most commonly associated to ectopic ACTH secretion are bronchial carcinoid tumors, small-cell lung carcinoma, pulmonary adenocarcinoma, thymic carcinoid, medullary thyroid carcinoma and gastroenteropancreatic neuroendocrine tumors. Genitourinary tumors (prostate, bladder and ovarian endometrioid carcinoma) or metastatic neuroendocrine tumors of unidentified primary sites have been reported less frequently. In the St. Bartholomew series a mesothelioma was reported, diagnosed postmortem, although histological confirmation was not obtained, and total hypophysectomy in this patient did not resolve the hypercortisolism [3] [4] [5] . There is an additional case reported in the literature, although it is a malignant pleural mesothelioma that clinically presented as coughing and pleuritic pain and was evidenced on thoracic x-rays [6] . Up to 20 % of cases with ectopic ACTH secretion derive from unidentified primary tumors [4, 7] .
Peritoneal mesothelioma is a rare disease with a lineage derived from mesothelial cells. Its incidence is approximately one case per 1,000,000 persons and represents 20 to 30 % of all mesotheliomas. In general, the symptoms are not very specific and can be of two types, those related to the tumor mass, such as abdominal pain, constipation, nausea, vomiting, and ascites, or those that only present as ascites and abdominal distention. There have been reports of umbilical or inguinal hernias in some patients. There are two histopathological subtypes of peritoneal mesothelioma, the well-differentiated papillary mesothelioma (WDPM) and the benign multicystic mesothelioma. Both have a relatively indolent component, occurring mainly in women, are not related to asbestos and are treated by surgical resection. WDPM rarely suffers malignant transformation [8, 9] . We present the case of a patient with a 20-year history of Cushing's syndrome, with a biochemical behavior similar to that of Cushing's disease and whose histopathological diagnosis was a welldifferentiated papillary mesothelioma.
Case presentation
The patient is a 43 years old hispanic female with a history of left leg monoparesis as a complication of poliomyelitis. She was nubile, menarche occurred at age 14 and she initially had regular cycles. She was diagnosed with diabetes mellitus and hypertension at age 22, requiring treatment with 3 antihypertensive drugs in order to reach a stable control and used NPH insulin plus metformin for metabolic control; consequently, she has been diagnosed with non proliferative diabetic retinopathy and proteinuria. She underwent a diagnostic protocol for suspected Cushing's disease 13 and 5 years prior to her visit to our center in two tertiary care centers, one of which performed an inferior petrosal sinus catheterization; the origin of the syndrome was never identified and the patient ceased going to subsequent appointments.
She was seen for the first time at our center 3 years prior; she came to the clinic complaining of polymenorrhea which had started 18 months prior, she had a full moon face, a buffalo hump, increased volume in both supraclavicular regions, purple striae in her arms and abdomen, truncal obesity, an umbilical hernia, decreased muscle mass of the pelvic limbs, uncontrolled glycemia, hypertension, albuminuria, a decreased glomerular . An MRI was performed in two different tertiary care centers due to the HDDST suppression percentage (84.8 %), both reporting a normal pituitary. Abdominal computed tomography (CT) showed a bilobed image with protrusion through the umbilicus, with attenuation coefficients of 3, 7 and 45 HU; after administration of contrast enhancement they reached 6, 16 and 88 HU, with a size of 68x60x76 mm. Multiplanar reconstructions showed that its origin was intra-abdominal, adjacent to a loop of small intestine, and the possibility of a mesothelioma was considered (Fig. 1) . Images suggestive of uterine fibroids were also observed. Ultrasound imaging showed a normal liver, gallbladder and kidneys, with an enlarged uterus due to uterine fibroids and both ovaries showing no evidence of tumor or cystic lesions. The case was discussed with the General Surgery and Gynecology departments, and abdominal surgery was performed. The findings were: uterus with fibroids, abundant ascites and tumor implants in the omentum, bladder, bowel, ovaries and appendix. An intraoperative biopsy reported an ovarian carcinoma. A total hysterectomy, bilateral oophorectomy, omentectomy, appendectomy and umbilical hernioplasty was performed. The tumor implants were not completely removed due to the magnitude of their peritoneal extension. Finally, the pathology department, after analyzed the resected tissue, concluded that the patient had a well-differentiated papillary mesothelioma through staining with immunohistochemistry (Fig. 2) .
Twenty four hours after surgery, her AM serum cortisol was measured (20.9 μg/dL). A month later the urinary free cortisol was 143.6 μg/day and serum cortisol post-1 mg dexamethasone was 19.1 μg/dL.
She is currently treated with ketoconazole 400 mg once a day, baseline insulin, calcium antagonists, statins, omega 3 fatty acids and conjugated estrogens. 
Discussion
It is known that non pituitary tumors have low cortisol suppression rates after high doses of dexamethasone, unlike those seen in pituitary adenomas; however, 10 % to 20 % of ectopic tumors can biochemically behave as Cushing's disease. While several authors agree on the high sensitivity of the urinary free cortisol, late-night salivary cortisol and LDDST determination for the diagnosis of endogenous hypercortisolism, there is controversy about the usefulness of HDDST in locating an ACTH-producing tumor. Some authors, such as Aaron et al., suggest that the high dose dexamethasone test should no longer be used. They studied 68 patients with Cushing's syndrome concluding that the accuracy of HDDST for differentiating between Cushing's disease and ectopic ACTH secretion ranges between 70 % and 80 % [10] . However, in a study of 87 patients [11] in which 74.71 % were diagnosed with Cushing's disease (CD), 8.05 % with EAS and 17.2 % with ACTH-independent Cushing's syndrome, the mean serum cortisol suppression with 8 mgs of dexamethasone in the first group was 83.6 %, 52.5 % for the second and 17 % for the third group, showing statistically significant differences only between patients with Cushing's disease and non-ACTH dependent Cushing's syndrome, but not between the first group and those with ectopic ACTH secretion. This study concluded that the specificity of the cortisol suppression with high-dose dexamethasone test (HDDST) for the diagnosis of Cushing's disease, with a percentage of suppression of more than 50 %, 60 % and 79 %, is 75 %, 88 % and 100 % respectively [11] . In the series published by Vilar et al., 74 cases of patients with endogenous hypercortisolism were analyzed; seven had EAS and of these 28.6 % had a suppression of >50 % of serum cortisol levels with HDDST, and the only patient who had a rate of suppression of >80 % had Cushing's disease, so these authors suggest that a percentage of suppression of >80 % in HDDST should be achieved to distinguish between Cushing's disease and EAS [12] . In another series published by Isidiri [3] , Doi [4] , Kakade [5] and Ejaz [13] , percentages of serum cortisol suppression using HDDST in patients with EAS were no greater than 50 %, with few exceptions. The gold standard to distinguish between Cushing's disease and ectopic ACTH secretion, in patients with discordant results (suppression of cortisol post-HDDST >60 % and normal IRM), is a bilateral inferior petrosal sinus sampling (BIPSS), a ratio of central to peripheral ACTH of more than 2 under baseline conditions or over 3 after CRH stimulation, which is consistent with Cushing's disease. If the diagnosis of Cushing's disease is excluded after BIPSS, the next step is to perform a CT scan or MRI of the neck, thorax, abdomen and pelvis to identify the nonpituitary ACTH-producing tumor [14, 15] ; however, it has been described that in up to 20 % of patients the site of ectopic ACTH secretion cannot be identified. Because most neuroendocrine tumors express receptors for somatostatin, some case reports have mentioned the use of somatostatin receptor scintigraphy (SRS) in order to identify the origin of the ectopic ACTH secretion; nonetheless, Tabarin et al., reviewed 20 cases of ectopic ACTH secretion published in the literature finding that in 18 of the 20 cases, the tumor was visible using more conventional methods (CT scans and MRI), as well as SRS. The same authors present a series of 12 patients with ectopic ACTH secretion who underwent serial CT or MRI scanning and SRS, with the latter resulting in findings in only four of the patients, but in two of them the tumor detected both by SRS as by conventional imaging, was not the origin of the ectopic ACTH secretion, with the primary tumor remaining unknown. Another patient dies before the tumor, identified using SRS, could be resected and, in the last case, the image seen as abnormal in SRS turned out to be a carcinoid metastasis from an unknown primary site, unidentified by conventional imaging [16] . In the series by Doi, et al., 50 % of tumors causing ectopic ACTH secretion were identified through CT or MRI, and 11 of the 16 cases presented underwent somatostatin receptor scintigraphy (SRS), four of which were positive (36 %), with only one (11.1 %) positive to [ 18 F] fluorodeoxyglucose-positron emission tomography (FDG-PET) [4] . On the other hand, in the series of patients published by Ejaz, et al., CT or MRI identified the origin of the ectopic ACTH secretion in 67.5 %, failing to find it in four patients in spite of performing CT, MRI, octreoscan and FDG-PET [13] . In another series of 19 patients, the usefulness of SRS with In 111 octreotide and Ga 68 DOTATATE PET-CT was evaluated, being positive in only 7 of these patients, 4 of which had undergone a previous CT that had shown the sites of abnormal uptake, and another in which the MRI had also shown an abdominal tumor; one more who had already undergone resection of a mediastinal mass and lymph nodes without showing clinical improvement underwent SRS which showed lymph node and bone metastasis. The last one had a pulmonary tumor, diagnosed with Ga 68 DOTATATE and had previously undergone a CT that failed to reveal the tumor. The authors suggest that performing SPECT or SPECT/TC imaging would improve the sensitivity of diagnosis with the planar images of SRS and propose that the images with Ga 68 peptide may offer better results in localizing ectopic ACTH-producing tumors than those peformed with In 111 octreotide [17] . There are, to date, several case reports in which imaging with Ga 68 DOTATATE have identified the tumor secreting ectopic ACTH [18] [19] [20] but it must be remembered that case Fig. 1 Abdominal computed tomography (CT) showed a bilobed image with protrusion through the umbilicus, with attenuation coefficients of 3, 7 and 45 HU; after administration of contrast enhancement they reached 6, 16 and 88 HU. Multiplanar reconstructions showed that its origin was intra-abdominal, adjacent to a loop of small intestine, and the possibility of a mesothelioma was considered reports involve a selection bias per se in evaluating the sensitivity of a diagnostic tool. Most authors currently coincide that once the ectopic secretion of ACTH is confirmed through BIPSS, imaging techniques such as CT or MRI should be preferentially employed in an initial stage as most tumors will be shown by their use. In the case here presented, abdominal CT evidenced an intra-abdominal tumor and the possibility of a mesothelioma was considered as the most likely, leading to an exploratory laparotomy in the patient, without performing other imaging tests, as SRS or PET/CT are difficult to access in most of our country.
Finally, the histological diagnosis of peritoneal mesothelioma was performed on the basis of a positive staining for keratin markers such as calretinin and thrombomodulin, as well as negative staining using markers for adenocarcinoma such as carcinoembrionic antigen (CEA), CA-125 and CK 5/6. Calretinin is expressed in normal and neoplastic mesothelial cells, with some authors reporting positive staining for this protein in 80 % of mesotheliomas with a specificity close to 100 % while, for thrombomodulin, some studies have reported a positivity of 80 % in mesotheliomas and only 15 % in adenocarcinomas. The sensitivity also depends on whether mono or poyclonal antibodies are employed, as well as the tissue fixation in large specimens [21] [22] [23] .
A fact that stands out in the case we present is that the levels of plasma ACTH were on the lower limit of the normal range. Although most patients with ectopic ACTH secretion have plasma levels that are considerably greater than normal, there are also reports of cases with normal or mildly elevated ACTH; these cases generally have a gradual progression and are associated to poorly aggressive carcinoid tumors. Neary, et al, presented a series of 12 patients with ACTH-producing neuroendocrine thymic tumors where 2 cases had normal plasma ACTH in spite of having considerably high levels of free urinary cortisol [24] . On the other hand, in a series of 90 patients with EAS published by the National Institutes of Health, 30 % had normal baseline plasma ACTH, one of them with an ACTH of 12.7 pg/mL [25] , leading to the conclusion that levels of plasma ACTH per se do not rule out a suspicion of ectopic secretion of ACTH.
Conclusions
The differential diagnosis between Cushing's disease and ectopic secretion of ACTH is a challenge. The case presented here is a rare example of those reaching a suppression percentage with HDDST which was similar to Cushing's disease. Most authors have found, and statistics confirm this, that with suppression percentages over 80 %, the probability that the origin of Cushing's syndrome is a tumor is very high. When MRI is repeatedly normal, as in the case here presented, the best diagnostic test is an inferior petrosal sinus catheterization. This test was performed in our patient 13 years prior in a tertiary care center and, although we were not able to review the results, the patient did not undergo pituitary surgery and was only followed in the outpatient clinic, leading us to assume that the result reflected ectopic secretion without localizing the origin of the secretion at that time because the clinical course of the patient had been insidious, presenting new symptoms and signs more than 20 years after the onset of the first clinical manifestations, which differs from most non-pituitary ACTH-producing tumors, whose development is faster and more aggressive.
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